5/'* T > 10/533453 

FP03-0323-00 



DESCRIPTION 

DEUTERON GENERATING TARGET AND DEUTERON 
GENERATING TARGET APPARATUS INCLUDING THE 
SAME 

5 TECHNICAL FIELD 

[0001] The present invention relates to a deuteron generating 
target that generates deuterons by means of irradiation of a high- 
intensity laser beam, and a deuteron generating target apparatus 
including the deuteron generating target as a component. 

10 BACKGROUND ART 

[0002] A PET (Positron Emission Tomography) is an apparatus 
such that a medical agent containing a short-lived radioactive isotope 
capable of emitting positrons is administered in vivo to image the 
disposition of the medical agent. The short-lived radioactive isotope 

15 for use in the PET is generated in such a manner that a high-speed 

proton or deuteron is collided with another atom. As a nuclear 
reaction generating such a short-lived radioactive isotope, for example, 
reactions shown in the table of Fig. 1 are known. 
[0003] As shown in Fig. 1, in the nuclear reaction generating the 

20 short-lived radioactive isotope, a threshold value is lowered in 

employing deuterons rather than protons, which enables to generate 
short-lived radioactive isotopes efficiently. 

[0004] Conventionally, a cyclotron has been employed as a 
deuteron generation apparatus, attached to the PET apparatus, for 
25 obtaining a high-speed deuteron. Referring to K. Nemoto et al., 

"Laser-triggered ion acceleration and table top isotope production", 
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APPLIED PHYSICS LETTERS (US), American Institute of Physics 
29 JANUARY 2001, VOL.78, No.5, pp.595-597, there is a disclosure 
of a method for generating a high-energy deuteron such that a high- 
speed laser beam is radiated to a film applied with a deuterated 
polystyrene on a reinforced polyester film to thus generate a high- 
energy deuteron. 

DISCLOSURE OF THE INVENTION 

[0005] After studying the foregoing prior art, the inventors et al. 
find out the following problems. Namely, the cyclotron has a 
problem that the apparatus size is large. 

[0006] On the other hand, in accordance with a .conventional 
method using a high-intensity laser beam, an apparatus for generating 
deuterons can be downsized. However, there is a problem that when 
a film applied with deuterated polystyrene is employed on a 
reinforced polyester film, deuterons are not discharged efficiently. 
That is, the inventors found that: in the conventional deuteron 
generating target, hydrogen is contained in reinforced polyester of a 
base material; when a high-intensity laser beam is irradiated to the 
target, a nucleus of hydrogen (proton), which is lighter in weight than 
that of deuterium (deuteron), is emitted forward, which makes it 
difficult to emit deuterons efficiently. 

[0007] The present invention is made to solve the 
aforementioned problems, and it is an object to provide a deuteron 
generating target having a construction to generate deuterons 
efficiently, and a deuteron generating target apparatus including the 
deuteron generating target. 
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[0008] To achieve the aforementioned object, a deuteron 
generating target according to the present invention comprises: a base 
film mainly composed of a halogen-containing compound; and an 
upper film provided on the base film and mainly composed of a 
deuterated organic compound. 

[0009] In accordance with such a deuteron generating target, 
hydrogen is substituted by halogen in the base film having the 
halogen-containing compound as a main component. Therefore, 
when a high-intensity laser beam is irradiated thereto, a nucleus of 
hydrogen (proton), which is lighter than that of deuterium (deuteron), 
is never emitted forward, thereby emitting deuteron efficiently. 
[0010] In addition, the above halogen-containing organic 
compound is preferably a fluorine substituted hydrocarbon. This is 
because when hydrogen in the base film is substituted by fluorine, a 
nucleus of hydrogen (proton), which is lighter than that of deuterium 
(deuteron), is never emitted forward, thereby emitting deuteron 
efficiently. 

[0011] The deuteron generating target according to the present 
invention may include a porous film mainly composed of a halogen- 
containing organic compound. In this case, the deuterated organic 
compound is impregnated in at least part of the porous film. 
[0012] In accordance with such a deuteron generating target, 
plenty of deuterated organic compound can be impregnated inside of 
the porous film having a halogen-containing organic compound as a 
main component. Therefore, when the high-intensity laser beam is 
irradiated to the target, hydrogen in the base film is substituted by 
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fluorine, a proton, which is lighter than that of deuteron, is never 
emitted forward, thereby emitting deuteron efficiently. 
[0013] Also in this case, it is preferable that the above halogen- 
containing organic compound is a fluorine-substituted hydrocarbon. 
This is because when hydrogen in the porous film is substituted by 
fluorine, a nucleus of hydrogen (proton), which is lighter than that of 
deuterium (deuteron), is never emitted forward, thereby emitting 
deuteron efficiently. 

[0014] Further, after studying earnestly the improvement of a 
deuteron generating target apparatus including the deuteron 
generating target having the aforementioned construction as a 
component, the inventors et al. found a problem that when a high- 
intensity laser beam is irradiated to a target in which deuterated 
polystyrene is applied on a reinforced polyester film, a hole may be 
opened in the reinforced polyester film, which is incapable of the 
reuse. 

[0015] For this reason, a deuteron generating target apparatus 
according to the present invention comprises: a deuteron generating 
target having the aforementioned construction (deuteron generating 
target according to the invention); a holder; a laser source; and a 
driving mechanism. The holder holds the deuteron generating target 
on a predetermined surface. The laser source irradiates a laser beam 
to a predetermined area. Then, the driving mechanism displaces the 
deuteron target on the predetermined surface so as to change a 
relative position of the laser-beam irradiated area on the deuteron 
generating target with respect to the laser source. 
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[0016] In accordance with such a deuteron generating target 
apparatus, since the relative position of the deuteron generating target 
held on the predetermined surface by the holder to the laser source 
can be changed by the driving mechanism, the position of the laser 
5 irradiated area on the deuteron generating target may be displaced 

based on various aspects (aspects of coaxially, spirally and the like). 
Therefore, the same deuteron generating target can be used 
consecutively over a plurality of times. 

[0017] The present invention will be more fully understood from 
10 the detailed description given hereinbelow and the accompanying 

drawings, which are given by way of illustration only and are not to 
be considered as limiting the present invention. 

[0018] Further scope of applicability of the present invention 
will become apparent from the detailed description given hereinafter. 

15 However, it should be understood that the detailed description and 

specific examples, while indicating preferred embodiments of the 
invention, are given by way of illustration only, since various changes 
and modifications within the spirit and scope of the invention will be 
apparent to those skilled in the art from this detailed description. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a table showing a various nuclear reactions of 
short-lived radioactive isotope; 

[0020] Fig. 2 is a view showing a construction of a first 
embodiment of a deuteron generating target according to the present 
25 invention; 

[0021] Fig. 3 is a view showing a construction of a second 
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embodiment of a deuteron generating target according to the 
invention; 

[0022] Fig. 4 is a view showing a construction of a third 
embodiment of a deuteron generating target according to the 
invention; 

[0023] Fig. 5 is a view showing a construction of a fourth 
embodiment of a deuteron generating target according to the 
invention; 

[0024] Fig. 6 is a view showing a main part of a manufacturing 
apparatus of the deuteron generating target according to the third 
embodiment; 

[0025] Fig. 7 is a view showing a construction of a rotary 

deuteron generating target apparatus, as a first embodiment of a 

deuteron generating target apparatus according to the invention; and 

[0026] Fig. 8 is a view showing a construction of a winding-up 

deuteron generating target apparatus, as a second embodiment of a 

deuteron generating target apparatus according to the present invention. 

BEST MODE OF CARRYING OUT THE INVENTION 

[0027] In the following, embodiments of a deuteron generating 

target and a deuteron generating apparatus including the same 

according to the present invention will be explained in detail with 

reference to Figs. 2-8. In the explanation of the drawings, the same 

elements will be denoted by the same reference symbols and these 

redundant descriptions will be omitted. 

(First Embodiment of Deuteron Generating Target) 

[0028] Fig. 2 is a view showing a construction of a first 
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embodiment of a deuteron generating target according to the present 
invention. A deuteron generating target 1 according to the first 
embodiment includes a base film 10 mainly comprised of a halogen- 
containing organic compound, and an upper film 20 of a deuterated 
organic compound, provided on the base film 10. Note that the 
deuteron generating target 1 according to the first embodiment has a 
thin, substantially disk configuration (or circular film shape) and that 
the halogen-containing organic compound constituting a base material 
(base film 10) is a fluorine-substituted hydrocarbon. 
[0029] The halogen-containing organic compound constituting a 
main component of the above base film 1 0 means an organic 
compound containing halogen atoms such as fluorine, bromine, and 
chlorine. In addition, the above fluorine-substituted hydrocarbon 
means a hydrocarbon such that part or all of the hydrogen atoms are 
substituted by fluorine atoms. Here, as the halogen-containing organic 
compound (fluorine-substituted hydrocarbon), polytetrafluoroethylene 
(PTFE) (trade name: Polyflon TFE, Teflon TFE), 
polychlorotrifluoroethylene (PCTFE) (trade name: Diflon CTFE, Kel- 
F), copolymer of tetrafluoroethylene and hexafluoropropylene (FEP) 
(trade name: Neoflon FEP, Teflon FEP), polyvinylidene fluoride 
(PVDF) (trade name: KF polymer, Kynar), copolymer of 
tetrafluoroethylene and perfluoroalkoxyvinylether (trade name: Teflon 
PFA, Neoflon PFA) and so on are exemplified. 
[0030] In addition, for the upper film 20 provided on the base 
film 10, for example, deuterated polystyrene is utilized as a deuterated 
organic compound. 
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[003 1] Thus, the deuteron generating target 1 according to the 
first embodiment has a construction such that the base film 1 0 of, for 
example, polytetrafluoroethylene (trade name: Polyflon TFE, Teflon 
TFE) is employed as the base material, and that deuterated polystyrene 
and the like is applied on the base film 10 as the upper film 20. In this 
case, when the deuteron generating target is formed by only a thin film 
of the deuterated polystyrene, insufficient polymerization of the 
polystyrene cannot obtain a thin film with a high mechanical strength; 
as a result, it is difficult to obtain a deuteron generating target with a 
high mechanical strength. However, when the base film 1 0 of 
polytetrafluoroethylene is used for a substrate, and deuterated 
polystyrene and so on are applied on the base film 10 as the upper film 
20, thereby obtaining the deuteron generating target 1 with a high 
mechanical strength. 

[0032] Moreover, since the target is produced on the 
aforementioned base material with a high mechanical strength, the 
configuration of the deuteron generating target 1 can be easily changed 
by cutting or the like. 

[0033] In the deuteron generating target according to the first 
embodiment, the base film 10 of polytetrafluoroethylene has a 
thickness of approximately 6^im, while the upper film of polystyrene 
to be applied has a thickness of approximately ljjm. Here, 
polytetrafluoroethylene is a polymer of CF2=CF2, not containing a 
hydrogen atom considered as a problem in reinforced polyester. 
Therefore, when a high-intensity laser beam is irradiated thereon, a 
nucleus of hydrogen (proton), which is lighter in weight than that of 
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deuterium (deuteron), is never emitted forward, which enables to emit 
deuteron efficiently. 

[0034] A method of manufacturing the deuteron generating target 
1 according to the first embodiment shown in Fig. 2 will next be 
explained. It is noted that the manufacturing method is a case where 
polytetrafluoroethylene is employed as the base film 10, while 
deuterated polystyrene is employed as the upper film 20 provided on 
the base film 10. 

[0035] The deuterated styrene can be purchased from, for 
example, Sigma- Aldrich Japan Corporation. When the deuterated 
styrene is polymerized by radical polymerization and the. like, the 
deuterated polystyrene can be obtained. 

[0036] Next, for example, the above deuterated polystyrene 
(upper film 20) is applied on the base film 10 of 

polytetrafluoroethylene (tetra-fluoroethylene resin, DuPont trade mark: 
Teflon) by spin coating or the like. In such a way, the deuteron 
generating target 1 having a laminated or stacked structure of the base 
film 10 of polytetrafluoroethylene and the upper film 20 of deuterated 
polystyrene and having a high mechanical strength can be obtained. 
(Second Embodiment of Deuteron Generating Target) 
[0037] A construction of a deuteron generating target 2 according 
to a second embodiment will next be explained with reference to Fig. 3. 
[0038] The deuteron generating target 2 according to the second 
embodiment employs as a base material a porous film 30 mainly 
composed of a halogen-containing organic compound, and a 
deuterated organic compound is impregnated in the whole porous film 
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30. Thus, the whole upper surface of the porous film 30 becomes a 
target area 40. Also in the second embodiment, the base material has a 
thin, substantially disk configuration (or circular film shape) and the 
above halogen-containing organic compound is a fluorine-substituted 
hydrocarbon. 

[0039] The above porous film 30 having the halogen-containing 
as a main component can be obtained, for example, when 
polytetrafluoroethylene is processed in a porous, thin filter manner 
(film thickness: approximately 70|nm). In addition, as an organic 
compound to be impregnated in the porous film 30, for example, 
deuterated polystyrene and the like is available. As such, a porous 
film-like or membrane filter, a filter commercially traded as a PTFE 
membrane filter (for instance, a PTFE-type membrane filter from 
ADVANTEC CO., LTD.) may also be utilized. Since such a porous 
filter has a porosity of 70% or more, plenty of target material can be 
impregnated therein. 

[0040] A method of manufacturing the deuteron generating target 
2 according to the second embodiment shown in Fig. 3 will next be 
explained. It is noted that the manufacturing method is a case where 
polytetrafluoroethylene is employed as the porous film 30, while 
deuterated polystyrene is employed as an impregnant. 
[0041] The deuterated polystyrene obtained similarly to the 
aforementioned first embodiment (Fig. 2) is first dissolved into a 
solvent. Specifically, toluene 1 ml is applied to the deuterated 
polystyrene 50 mg, which is shaken well in this situation to thereby 
dissolve the polystyrene completely. 
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[0042] Next, the deuterated polystyrene solution is extended on a 
Petri dish to be uniform. Then, when a porous membrane filter 
(PTFE-type membrane filter made by ADVANTEC CO., LTD.) is 
placed in the Petri dish, the deuterated polystyrene solution is 
impregnated in the porous membrane filter. At this time, when the 
Petri dish is well shaken, the solution can be impregnated in the porous 
membrane film uniformly. 

[0043] Subsequently, the filter taken out from the inside of the 
Petri dish is expanded on a sheet of polytetrafluoroethylene (trade 
name: Teflon) in order to vaporize the toluene in the solvent. Thus, 
when polytetrafluoroethylene (trade name: Teflon) is utilized for the 
sheet, the filter can be easily removed since it is not stuck on the sheet. 
Then, in a condition sandwiched by a wrapping paper or a paper 
processed by polytetrafluoroethylene (trade name: Teflon), the filter is 
compressed by a press, and then wrinkles or cockles of the filter are 
extended and flattened. 

[0044] As described above, the deuteron generating target 2 can 
be obtained, which is composed of the porous film 30 (base film) of 
polytetrafluoroethylene and the deuterated polystyrene impregnated in 
the porous film 30. 

(Third and Fourth Embodiments of Deuteron Generating Target) 
[0045] Constructions of deuteron generating targets 3-4 
according to third and fourth embodiments will next be explained with 
reference to Figs. 4-5. 

[0046] In both of the third and fourth embodiments, the deuteron 
generating targets 3-4 has as a base material a tape-like porous film 50 
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that has a halogen-containing organic compound such as fluorine- 
substituted hydrocarbon as a main component. Though an organic 
compound is impregnated at the central portion of the tape-like porous 
film 50 along the longitudinal direction, there is a difference in the 
impregnated area between the third and fourth embodiments. Namely, 
in the deuteron generating target 3 according to the third embodiment 
shown in Fig. 4, the deuterated organic compound is impregnated to 
the porous film 50 in a stripe-form, and thus a target area 60 is formed 
in a stripe-form. On the other hand, in the deuteron generating target 4 
according to the fourth embodiment shown in Fig. 5, the deuterated 
organic compound is impregnated to the porous film 50 in a 
continuous spot-form spaced at a constant interval, and thus a target 
area 70 is formed in a continuous spot-form. 

[0047] The porous film 50 having the halogen-containing as a 
main component can be obtained, for example, when 
polytetrafluoroethylene is processed into a porous membrane filter 
(film thickness: approximately 70(j,m). In addition, as an organic 
compound to be impregnated in the porous membrane filter, for 
example, deuterated polystyrene and the like are available. As such a 
porous membrane filter, a filter commercially traded as a PTFE 
membrane filter (for instance, a PTFE-type membrane filter from 
ADVANTEC CO., LTD.) may also be utilized. Since such a porous 
filter has a porosity of 70% or more, plenty of target material can be 
impregnated therein. 

[0048] A method of manufacturing the deuteron generating target 
3 will next be explained with reference to Fig. 6. Fig. 6 is a view 
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showing a construction of an apparatus used for the manufacture of the 
deuteron generating target 3 according to the third embodiment. 
[0049] In the apparatus shown in Fig. 6, one end of the tape-like, 
porous membrane filter 50 is rolled at a rotating shaft 120 on the 
feeding side, while the other end of the porous membrane filter 50 is 
fixed at a rotating shaft 1 10 on the drawing side. In this condition, 
when the rotating shaft 1 10 is rotated in the direction of arrow Al by 
the driving mechanism, the rotating shaft 120 is driven in the direction 
of arrow A2 to be rotated, and the porous membrane filter 50 is rolled 
up from the rotating shaft 120 to the rotating shaft 110 sequentially. 
At this time, when an impregnant is dripped from a pipet 100 installed 
above the middle portion between the two rotating shafts 110, 120, a 
target area of an aspect corresponding to a traveling speed of the 
porous membrane filter 50, a dripping amount of the impregnant, and 
drip timing is formed. Note that a broken line LI represents a path 
dripped by deuterated polystyrene. 

[0050] For this, polytetrafluoroethylene (trade mark: Teflon) is 
available for the tape-shaped porous membrane filter 50, while the 
deuterated polystyrene dissolved by a solvent such as toluene is 
available for the dripped impregnant. Fig. 6 shows a process to 
manufacture the deuteron generating target 3 (third embodiment) 
having the stripe-shaped target area 60 shown in Fig. 4 by dripping 
continuously the impregnant. When the drip timing is set 
intermittently, the deuteron generating target 4 having a continuous- 
spots-shaped area 70 according to the fourth embodiment shown in Fig. 
5 can be obtained. 
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[0051] Thus, in accordance with the deuteron generating targets 
3-4 of the third and fourth embodiments, consumption of wasteful 
deuterated polystyrene can be suppressed in such a manner that the 
deuterated polystyrene is applied over only the area irradiated by the 
laser beam, which enables to use a target material efficiently. 
[0052] As stated above, in accordance with the deuteron 
generating targets 1 -4 of the first to fourth embodiments, in the base 
material (base film 10 and/or porous film 50) having the halogen- 
containing organic compound such as polytetrafluoroethylene as a 
main component, hydrogen constituting the material is substituted by 
halogen. Accordingly, when the high-intensity laser beam is irradiated 
thereon, a nucleus of hydrogen (proton), which is lighter in weight 
than that of deuterium (deuteron), is never emitted forward, which 
enables to emit deuteron efficiently. 

(First Embodiment of Deuteron Generating Target Apparatus) 
[0053] Fig. 7 is a view showing a construction of a rotary 
deuteron generating target apparatus as a first embodiment of a 
deuteron generating target apparatus according to the present invention. 
The disk- shaped deuteron generating targets 1-2 according to the 
aforementioned first and second embodiments are applicable to the 
deuteron generating target apparatus 5 according to the first example. 
The rotary deuteron generating target apparatus 5 includes: for 
example, a deuteron generating target 1 shown in Fig. 2; a supporting 
member 210 (holder) and a deuteron generating target bracing 220 for 
holding the target 1 at a predetermined plane (a plane orthogonal to the 
rotation axis in the first example); a driving mechanism 271 (motor) 
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for rotating the supporting member 210; and a rotating rod 230 
coupled with the driving mechanism 271 . Further, as a displacement 
means for displacing the supporting member 210 in a linear direction, 
there is provided a driving mechanism 272 (motor), a motion converter 
240, and a shaft 250. 

[0054] As specifically explaining the rotary deuteron generating 
target apparatus 5 according to the first embodiment, a ring-shaped 
deuteron generating target bracing 220 is coaxially annexed at the 
supporting member 210, and a thin circular film-shaped deuteron 
generating target 1 is coaxially held between the supporting member 
210 and deuteron generating target bracing 220. A high-intensity laser 
beam 300 is irradiated from a laser source 350 to the deuteron 
generating target 1 in the perpendicular direction (from the right 
direction of the drawing). 

[0055] A rotating rod 230 to be rotated in the direction of arrow 
A3 by means of the driving mechanism 271 is rotatably supported by a 
forked bearing mechanism 260, and the supporting member 210 is 
fixed at the end of the rotating rod 230. Therefore, the deuteron 
generating target 1 pinched between the supporting member 210 and 
deuteron generating target bracing 220 can be rotated in the direction 
of arrow A3 by means of the driving mechanism 271. 
[0056] The base of the forked bearing mechanism 260 is fixed at 
a stage 270 capable of reciprocating linear disposition in the direction 
of arrow A4. The shaft 250 is fitted to the motion converter 240 for 
driving the stage 270, and when the shaft 250 is rotated in the direction 
of arrow A5 by the driving mechanism 272, the supporting member 
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210 and deuteron generating target bracing 220 are displaced in the 
direction of arrow A4 that is perpendicular to the central axis. 
[0057] The operation of the rotary-type deuteron generating 
target apparatus 5 will next be explained. 

[0058] The high-intensity laser beam 300, irradiated to the 
deuteron generating target 1, for example, having a pulse energy of 
120 J, a pulse width of 0.9-1 .2 ps, a wavelength of 1 .053 |um and the 

20 

like is converged on a spot diameter of 6[im at a beam density of 10 
W/cm 2 in vacuum (approximately 1 0" 5 Torr) by means of an off-axis 
parabolic mirror (for instance, 1800 mm in diameter, focal length of 
450 mm). When the high-intensity laser beam 300 is irradiated to the 
deuteron generating target 1 , high-speed deuterons are discharged 
forward and backward of the traveling direction of the beam. When a 
nuclear reaction substance (for instance, 10 B) is disposed in a direction 
that is discharged by the high-speed deuterons, a radioactive isotope 
( ll C) is produced by a nuclear reaction ( 10 B(d, n) ll C). In the case, 
when 14 N is disposed in place of 10 B, a positron discharge nucleus i5 0 
is produced by a 14 N(d, n) ls O reaction. 

[0059] In such a way, when the high-intensity laser beam 300 is 
irradiated to the deuteron generating target 1, a hole HI is opened at 
the irradiation area of the high-intensity laser beam in the deuteron 
generating target 1, so that the same irradiated area cannot be reused. 
For this reason, the driving mechanism 271 next rotates the deuteron 
generating target 1 in the direction of arrow A3 by a given angle (30 
degree/second), and the motion converter 240 displaces the stage 270 
in the direction of arrow A4 by a given distance (0.1 mm/second), if 
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necessary. In such a way, the irradiated area of the high-intensity laser 
beam 300 in the deuteron generating target 1 is displaced coaxially or 
spirally. Thus, when the irradiated area of the high-intensity laser 
beam 300 in the deuteron generating target 1 is displaced coaxially or 
spirally, the same deuteron generating target 1 can be used over a 
plurality of times consecutively. 

(Second Embodiment of Deuteron Generating Target Apparatus) 
[0060] Fig. 8 is a view showing a construction of a winding-up 
deuteron generating target apparatus as a second embodiment of a 
deuteron generating target apparatus according to the present invention. 
The tape-shaped deuteron generating targets 3-4 according to the 
aforementioned third and fourth embodiments are applicable to the 
deuteron generating target apparatus 6 according to the second 
embodiment. The winding-up deuteron generating target apparatus 6 
includes: for example, a deuteron generating target 3 shown in Fig. 4; 
and a guide portion 430 (holder) for holding the target 3 on a 
predetermined surface (a surface parallel to the longitudinal direction 
of the guide portion 430). In addition, as a means for displacing the 
deuteron generating target 3, the target 6 includes: a winding-up 
mechanism 410 for winding up the deuteron generating target 3; a 
driving mechanism 400 (motor), coupled to the winding-up 
mechanism 410, for rotating this mechanism 410; and a feeding 
mechanism 420 for feeding the deuteron generating target 3 . 
[0061] As specifically explaining the winding-up deuteron 
generating target apparatus 6 according to the second embodiment, 
guide portions 430 having a V-shape groove are mounted to be 
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opposite to each other at the respective approximate middle portions of 
the upper and lower insides of a frame 440 having a rectangular frame, 
and the deuteron generating target 3 is movably held by means of the 
two V-shape grooves. A high-intensity laser beam 300 is irradiated 
from a laser source 350 to the deuteron generating target 3 in a 
perpendicular direction thereto. 

[0062] The winding-up mechanism 410 has a cylindrical shaft, 
and one end of the cylindrical shaft is rotatably fitted to the frame 440, 
while the other end thereof is coaxially coupled to the rotational shaft 
of the driving mechanism 400. In addition, one end of the tape-shaped 
deuteron generating target 3 is fixed at this shaft, the winding-up 
mechanism 410 is rotated in the direction of arrow A6 by driving of 
the driving mechanism 400, and then the deuteron generating target 3 
is wound up. In such a way, the irradiation area of the laser beam 300 
at the deuteron generating target 3 is displaced in the direction of 
arrow A8. 

[0063] The feeding mechanism 420 has a cylindrical shaft, and 
the two ends of the shaft are rotatably fitted to the frame 440. In 
addition, the other end of the tape-shaped deuteron generating target 3 
is fixed at this shaft, the deuteron generating target 3 is wound up 
when the winding-up mechanism 410 is rotated by driving of the 
driving mechanism 400, and thereby the shaft is rotated in the 
direction of arrow A7. In such a way, the deuteron generating target 3 
is fed in the direction of arrow A8. 

[0064] Application of the wind-up deuteron generating target 
apparatus 6 (first embodiment) shown in Fig. 8 could also provide the 
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same operations and effects as that of the rotary deuteron generating 
target 6 in Fig. 7 (second embodiment). 

[0065] Namely, in the wind-up deuteron generating target 
apparatus 6 shown in Fig. 8, when the high-intensity laser beam 300 is 
irradiated to the deuteron generating target 3, a hole is opened at the 
irradiated area, so that the same irradiated area cannot be reused. For 
this reason, the driving mechanism 400 is driven to rotate the winding- 
up mechanism in the direction of arrow A6, thereby displacing the 
deuteron generating target 3 in the direction of arrow A8 by a given 
length (10 mm/second). Thus, a new irradiation area is set. In such a 
way, when the deuteron generating target 3 is wound up, the same 
deuteron generating target 3 becomes usable continuously. 
[0066] Further, also when the deuteron generating target 4 
(fourth embodiment) in which a target area 70 is formed in 
consecutive spots is applied to the winding-up deuteron generating 
target apparatus 6 shown in Fig. 8, the same operations and effects are 
rendered. 

[0067] The high-intensity laser beam 300 from the laser source 
350 is repeatedly operated at a repetitive frequency of 10 Hz, for 
example, the deuteron generating target 4 is wound up by a length 
between adjacent centers of the consecutive target areas 70 during one 
period of the repetitive operation. In this way, when the wining-up 
speed of the generating target 4 is synchronized with the repetitive 
frequency of the high-intensity laser beam 300, the high-intensity laser 
beam 300 can be irradiated to only the spot-shaped target area 70 
impregnated by deuterated polystyrene. In this case, since the target 
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material don't have to be applied to the area that is not irradiated by 
the high-intensity laser beam 300, there is a remarkable effect such 
that the target material can be used efficiently. 

[0068] From the invention thus described, it will be obvious that 
5 the embodiments of the invention may be varied in many ways. Such 

variations are not to be regarded as a departure from the spirit and 
scope of the invention, and all such modifications as would be 
obvious to one skilled in the art are intended for inclusion within the 
scope of the following claims. 
10 INDUSTRIAL APPLICABILITY 

[0069] As descried above, in accordance with the present 
invention, a deuteron generating target capable of generating 
deuterons efficiently and a deuteron generating target apparatus using 
the same may be provided. 



20 



